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(54) Adhesive fluororesin and laminate employing it 



(57) An adhesive fluororesin (A) comprising an eth- 
ylene-tetrafluoroethylene copolymer having at least one 
characteristic among a melt flow characteristic that its 
melt flow rate is at least 40 and an infrared absorption 



characteristic that it has a distinct absorption peak 
within a wavenumber range of from 1 ,720 to 1 ,800 cm" 1 
in its infrared absorption spectrum. 
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Description 

[0001] The present invention relates to a laminate 
comprising a layer of a fluororesin made of a specific 
ethylene-tetrafluoroethylene copolymer, particularly a s 
laminate excellent in the adhesive strength between 
that layer and another layer. 

[0002] A fluororesin made of an ethylene-tetrafluor- 
oethylene copolymer (ETFE) is excellent in chemical 
resistance, weather resistance, surface properties, etc., io 
and is used in a wide range of fields. For example, a film 
of ETFE is used as a surface covering material for a 
substrate made of an inorganic material such as a metal 
or glass or an organic material such as a synthetic 
resin. A thermoplastic resin laminate is produced usu- is 
ally by directly overlaying and bonding thermoplastic 
resin layers one on another by e.g. coextrusion molding 
or heat fusion. However, in a case of a laminate made of 
resins having substantially different properties, the 
interlaminar bond strength of such a laminate has been 20 
inadequate. Particularly in a case of a multilayer film or 
a multilayer tube prepared by laminating ETFE and 
other thermoplastic resins by a coextrusion molding 
method or a heat fusion method, the interlaminar bond 
strength has not been adequate. 25 
[0003] It is an object of the present invention to pro- 
vide an adhesive fluororesin and a laminate wherein 
such a fluororesin layer and a thermoplastic resin layer 
are directly firmly bonded to each other. 
[0004] The present invention provides an adhesive 30 
fluororesin (A) comprising an ethylene-tetrafluoroethyl- 
ene copolymer (hereinafter referred to as ETFE (A)) 
having at least one characteristic among a melt flow 
characteristic that its melt flow rate is at least 40 and an 
infrared absorption characteristic that it has a distinct 35 
absorption peak within a wavenumber range of from 
1 .720 to 1 ,800 cm* 1 in its infrared absorption spectrum. 
[0005] Further, the present invention provides a lami- 
nate comprising a layer of this ETFE (A) and a layer of a 
thermoplastic resin (B) other than ETFE (A), said layers 40 
being in contact directly with each other. 
[0006] The present invention also provides an adhe- 
sive fluororesin (A) comprising an ethylene-tetrafluor- 
oethylene copolymer having a melt flow characteristic 
that its melt flow rate is at least 40 and an infrared 45 
absorption characteristic that it has a distinct absorption 
peak within a wavenumber range of from 1 ,720 to 1 .800 
cm" 1 in its infrared absorption spectrum (one type of 
ETFE (A)). 

[0007] Further, the present invention provides a I ami- so 
nate comprising a layer of this ETFE (A) and a layer of a 
thermoplastic resin (B) other than ETFE (A), said layers 
being in contact directly with each other. 
[0008] In the present invention, the melt flow rate of 
ETFE (A) is a value measured by the method stipulated ss 
in ASTM D-3159. Namely, when ETFE (A) is used 
alone, the melt flow rate corresponds to its amount 
(g/10 min) which passes through a nozzle having a 



diameter of 2 mm and a length of 10 mm for 10 minutes 
under a load of 5 kg at a temperature of 297°C. Further, 
in the present invention, rt it has a distinct absorption 
peak within a wavenumber range of from 1 ,720 to 1 ,800 
cm* 1 in its infrared absorption spectrum" means that 
when a sample having a thickness of 100 Mm, made of 
the resin alone, is used for measurement of the infrared 
absorption spectrum, the absorption peak with an 
absorbance of at least 0.002 is present within a wave- 
number range of from 1 ,720 to 1 ,800 cm" 1 . 
[0009] The melt flow rate (hereinafter referred to as 
MFR) is an index of the melt flow characteristic and also 
an index of the molecular weight. Usually. MFR of ETFE 
obtainable by polymerization is less than 40 (e.g. MFR 
of AFLON LF-740AP (sold by Asahi Glass Company 
Ltd.) which is commercially available ETFE. is 38). 
ETFE (A) having a MFR of at least 40 provides a high 
bond strength even to a material which used to have no 
adequate bond strength or used to be impossible to 
bond. More preferably, MFR of ETFE (A) is at least 50, 
particularly preferably at least 60. The upper limit of 
MFR of ETFE (A) is not particularly limited and may 
substantially be infinite (i.e. a liquid at a temperature of 
297°C). However, it is required to be a solid having a 
bond strength at a practical temperature for use of the 
laminate of the present invention. 
[0010] Further. ETFE (A) having the infrared absorp- 
tion characteristic of the present invention exhibits a 
high bond strength to a material which used to have no 
adequate bond strength or used to be impossible to 
bond. Especially, ETFE (A) having a distinct absorption 
peak at a wavenumber of 1.759 cm" 1 or 1,788 cm* 1 , is 
preferred, since it remarkably increases the bond 
strength with other materials. 

[0011] Especially, ETFE (A) which has a MFR of at 
least 40 and the infrared absorption characteristic of the 
invention, is particularly preferred, since it exhibits a 
practically sufficiently high bond strength even to a 
material which used to have no adequate bond strength 
or used to be impossible to bond. 
[001 2] ETFE is a copolymer obtained by copolymeriz- 
ing tetrafluoroethylene (hereinafter referred to as TFE) 
and ethylene, or a copolymer obtained by copolymeriz- 
ing these monomers with at least one other monomer 
copolymerizable with these monomers. A copolymer is 
preferred wherein the molar ratio of polymer units 
derived from TFE/poiymer units derived from ethyl - 
ene/polymer units derived from other monomers is 70 to 
35/25 to 60/0 to 40. Particularly preferred is a copolymer 
wherein the molar ratio is 65 to 50/30 to 45/0 to 10. 
[0013] Said other monomers copolymerizable with 
TFE and ethylene, may, for example, be a-olefins such 
as propylene and butene, fluoroolef ins having hydrogen 
atoms directly bonded to a polymerizable unsaturated 
group, such as vinylidene fluoride and (perfluor- 
obutyl)ethylene. vinyl ethers such as an alkyl vinyl ether 
and a (f luoroalkyl) vinyl ether, (meth)acrylates such as a 
(fluoroalkyl) methacrylate and a (fluoroalkyl) acrylate, 
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and perfluoromonomers having no hydrogen atom 
bonded to a polymerizable unsaturated group, such as 
hexafluoropropylene and pert luoro(alkyl vinyl ether). 
[0014] ETFE (A) having a MFR of at least 40 can be 
produced by the following methods. 
[001 5] A first method is a method of producing ETFE 
(A) having a MFR of at least 40 directly by polymeriza- 
tion. For example, in a case where it is produced by sus- 
pension polymerization, it is possible to obtain ETFE (A) 
having a MFR of at (east 40 by adding a chain transfer 
agent to an aqueous medium using a hydrocarbon type 
peroxide as an initiator, and adjusting the type or the 
amount of the chain transfer agent to adjust the molec- 
ular weight of the resulting polymer (namely to obtain a 
polymer having a lower molecular weight than usual 
ETFE). For the production of ETFE (A), various conven- 
tional polymerization methods such as bulk polymeriza- 
tion, suspension polymerization, emulsion 
polymerization and solution polymerization, may be 
employed. ETFE (A) obtained by the above polymeriza- 
tion does not usually have the infrared absorption char- 
acteristic of the present invention. 
[001 6] A second method is a method to bring MFR to 
at least 40 by creating breakage of the molecular chains 
of ETFE obtained by a conventional polymerization 
method (ETFE having a MFR of less than 40) to lower 
the molecular weight. For example. ETFE may be sub- 
jected to heat treatment or irradiation with high energy 
rays such as radio active rays, ultraviolet rays or low 
temperature plasma to obtain such a product. By carry- 
ing out such treatment in the presence of an oxygen in 
the treatment atmosphere, it is possible to obtain ETFE 
(A) having a MFR of at least 40 effectively. Treatment in 
an atmosphere having a higher oxygen concentration, is 
effective. Usually, the treatment is carried out in an air 
atmosphere. In the case of heat treatment, the desired 
ETFE (A) can be obtained by heating ETFE. for exam- 
ple, in air at a temperature of at least 300°C tor at least 
3 minutes, preferably at a temperature of from 330 to 
400 U C for from 5 to 30 minutes. Usual ETFE has a melt- 
ing point of about 300°C. Accordingly, this treatment is 
carried out usually at a temperature of at least the melt- 
ing point of non-treated ETFE. 

[001 7] A third method is a method to bring MFR to at 
least 40 by creating breakage of the molecular chains of 
ETFE by free radicals to lower the molecular weight. For 
example, ETFE having a MFR of less than 40 and a per- 
oxide are melt-kneaded to break the molecular chains 
of ETFE by free radicals generated from the peroxide to 
lower the molecular weight, thereby to obtain ETFE (A) 
having a MFR of at least 40. The treating temperature is 
at least a temperature at which the peroxide will decom- 
pose to form free radicals, and it is usually at least 
120°C. For th melt kneading, a temperature of at least 
the melting point of ETFE is employed. The temperature 
for this treatment is preferably from the melting point of 
ETFE to 350°C. 

[0018] As the peroxide, ketone peroxides, dialkyl per- 



oxides such as 2.5-dimethyl-2,5-bis(t-butylperoxy)hex- 
ane. diacyl peroxides such as benzoyl peroxide, 
peroxydicarbonates such as diisopropyl peroxydicarbo- 
nate, alkyl per esters such as t-butylperoxy isobutyrate, 
5 and hydroxyperoxides such as t-butylhydroxyperoxide, 
may, for example, be used. 

[0019] As starting material ETFE to be used in these 
second and third methods. ETFE having a MFR of less 
than 40. may be employed, but the material is not lim- 
io ited thereto. For example, ETFE having a MFR of at 
least 40, such as ETFE (A) obtained by the first method 
may be subjected to the second or third method to fur- 
ther increase MFR. 

[0020] The infrared absorption characteristic of ETFE 
75 (A) in the present invention is considered to be a char- 
acteristic attributable to the presence of functional 
groups in ETFE (A), which correspond to the distinct 
absorption peak within a wavenumber range of from 
1,720 to 1 .800 cm* 1 in its infrared absorption spectrum. 
Such functional groups are not present in ETFE 
obtained by a usual polymerization method. Such func- 
tional groups are considered to be functional groups 
which are formed by the reaction with oxygen atoms, of 
double bonds formed anew in the molecular chains by a 
reaction to withdraw hydrogen atoms or fluorine atoms 
from ETFE. Accordingly, for example, among the above- 
mentioned methods for obtaining ETFE (A) having a 
MFR of at least 40. the second or third method may be 
employed to produce ETFE (A) having this infrared 
absorption characteristic. Namely, by such a method, 
double bonds may be introduced into the molecular 
chains of ETFE, and at the same time, oxygen atoms 
are reacted to such double bonds to form ETFE having 
the above functional groups. 

[0021] When ETFE (A) having the infrared absorption 
characteristic is produced by the second method, it is 
particularly preferred to carry out the heat treatment or 
the high energy ray irradiation in an oxygen-containing 
atmosphere. Particularly preferred is a method of heat- 
ing ETFE in air at a temperature of at least 300°C for at 
least 3 minutes, preferably at a temperature of from 330 
to 400°C for from 5 to 30 minutes. When ETFE (A) hav- 
ing the infrared absorption characteristic is produced by 
the third method, it is preferred to employ a method of 
melting and kneading ETFE and the peroxide. Particu- 
larly preferred is a method of melting and kneading the 
starting material ETFE and the peroxide at a tempera- 
ture of from the melting point of ETFE to 350°C. It is 
considered that by these methods, the oxygen in the 
atmosphere or free radicals derived from the peroxide 
(or both the oxygen in the atmosphere and the free rad- 
icals) will contribute to formation of the above functional 
groups. The starting material ETFE for these methods, 
may be ETFE having a MFR of less than 40 or ETFE 
having a MFR of at least 40. 

[0022] ETFE (A) having a MFR of at least 40 and the 
infrared absorption characteristic, can be produced by 
the above-mentioned second or third method, as 
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described above. Such a method is not only a method 
capable of producing ETFE (A) having a MFR of at least 
40, but also a method capable of producing ETFE (A) 
having the infrared absorption characteristic. Particu- 
larly preferred is a method for carrying out heat treat- 5 
ment of ETFE in air at a temperature of at least 300°C 
for at least 3 minutes, preferably at a temperature of 
from 330 to 400 tt C for from 5 to 30 minutes, or a method 
for melting and kneading ETFE and the peroxide at a 
temperature of from the melting point of ETFE to 350° C. ;o 
[0023] As the thermoplastic resin (B) other than ETFE 
(A), various thermoplastic resins may be used. Further, 
it may be a thermoplastic resin having flexibility, so- 
called a thermoplastic elastomer. Or, it may be a mixture 
of different thermoplastic resins. As such a thermoplas- 15 
tic resin, specifically, the following thermoplastic resins 
may, for example, be mentioned: 
[0024] A fluororesin other than ETFE (A), a polyolefin 
resin, a polyamide resin, a polyester resin, a polysty- 
rene resin, an ABS resin, a BS resin, a MBS resin, an 20 
EVA resin, an acrylic resin, a polyurethane resin, a poly- 
imide resin, a polyphenylenesulfide resin, a vinyl chlo- 
ride resin, a polyolefin type thermoplastic elastomer, a 
polyamide type thermoplastic elastomer, a polyester 
type thermoplastic elastomer, a polybutadiene type 25 
thermoplastic elastomer, a polystyrene type thermo- 
plastic elastomer, a polyvinyl chloride thermoplastic 
elastomer and a fluorine-containing thermoplastic elas- 
tomer. 

[0025] More specifically, the following thermoplastic 30 
resins may, for example, be mentioned; ETFE other 
than ETFE (A), a fluororesin such as PFA or FEP, a 
polyolefin resin such as polyethylene or polypropylene, 
a polyamide resin such as polyamide 6, polyamide 1 1 or 
polyamide 12, a polyester resin such as polyethylene 35 
terephthalate or polybutylene terephthalate, and an 
acrylic resin such as polymethyl methacrylate. 
[0026] Preferred as the thermoplastic resin (B) is a 
polyamide type thermoplastic resin such as a polyamide 
resin or a polyamide type thermoplastic elastomer. Par- 40 
ticuiarly preferred is a polyamide resin such as polya- 
mide 6. polyamide 11 or polyamide 12. Such a 
polyamide type thermoplastic resin has a relatively 
small penetrability of a fuel oil. 

[0027] To the respective resins constituting the layers 45 
of the laminate of the present invention, various addi- 
tives may be incorporated, as the case requires. Such 
additives are preferably not to impair the required per- 
formance of such layers. For example, so long as the 
predetermined adhesive properties can be maintained, so 
various additives may be incorporated to ETFE (A) 
Such additives include, for example, a filler, reinforcing 
fibers, a pigment, a plasticizer, a tackifier, a siiane cou- 
pling agent and a titanate type coupling agent. Further, 
so long as the predetermined adhesive property can be ss 
maintained, other resins may be incorporated to ETFE 
(A), and for example, usual ETFE may be incorporated. 
[0028] The laminate of the present invention is a lam- 



inate wherein a layer of ETFE (A) (hereinafter referred 
to as layer (A)) and a layer of a thermoplastic resin (B) 
(hereinafter referred to as layer (B)) are in contact 
directly with each other. The laminate of the present 
invention is not limited to the double layer structure 
comprising layer (A) and layer (B). So long as it contains 
a double layer structure wherein layer (A) and layer (B) 
are in contact directly with each other (hereinafter 
referred to as layers (A)/(B)), it may be a laminate hav- 
ing a structure of three or more layers. On the layer (A) 
side of layers (A)/(B). at least one layer made of a resin 
which may be the same as or different from the resin of 
layer (A), may be formed. ETFE (A) of layer (A) may be 
bonded to not only the same resin but also to a different 
resin such as the thermoplastic resin (B) with a high 
bond strength as mentioned above. Similarly, on the 
layer (B) side of layers (A)/(B), at least one layer made 
of a resin which is the same as or different from the 
resin of layer (B) may be formed. Further, in some 
cases, the layer which is in contact with layer (A) or layer 

(B) may be made of a material other than a resin. A pre- 
ferred other layer is a layer of a thermoplastic resin. 
[0029] When a third layer is present on the layer (A) 
side of layers (A)/(B). such a layer will hereinafter be 
referred to as layer (C). The material for layer (C) which 
is in direct contact with layer (A) is preferably a thermo- 
plastic resin similar to the thermoplastic resin (B). How- 
ever, the material is not limited thereto and may be 
made of a resin other than a thermoplastic resin or a 
material other than a resin. A preferred material for layer 

(C) is a thermoplastic fluororesin, and particularly pre- 
ferred is ETFE other than ETFE (A). Further, it is pre- 
ferred that layer (C) is made of the same resin (i.e. 
ETFE (A)) as layer (A) or it is a layer of a resin having 
different physical properties (for example, layer (A) is a 
layer composed solely of ETFE (A), and layer (C) is a 
layer comprising ETFE (A) and the after-mentioned 
conductive additive and having electrical conductivity). 
To the thermoplastic resin of layer (C), the above-men- 
tioned various additives may be incorporated. 

[0030] The laminate of the present invention is useful 
particularly as a tube for transporting a fuel or a con- 
tainer for storage of a fuel. ETFE including ETFE (A) 
has high chemical resistance against a liquid fuel such 
as gasoline and further has a characteristic such that 
the penetrability of a liquid fuel is particularly small as 
compared with other thermoplastic fluororesins. 
Accordingly, in a case where the layer contacting a liq- 
uid fuel is a layer of ETFE (A) or ETFE, the interiaminar 
bond strength of the laminate is less likely to be affected 
by penetration of a liquid fuel, and the initial high bond 
strength can be maintained. Accordingly, the layer 
made of a resin such as ETFE (A) or ETFE is preferably 
a surface layer which is in contact directly with the liquid 
fuel, or a layer close to the surface. In such use. if ETFE 
is used alone, the physical strength or the like tends to 
be inadequate, and such a problem can be solved by 
the laminate of the present invention wherein a layer (B) 
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supplementing such a physical property is incorporated. 
[0031 ] In the above use. a part of the layer of the lam- 
inate/particularly the surface layer which is in contact 
with a fuel, is required to be a layer having electrical 
conductivity and having an antistatic function (hereinaf- 5 
ter referred to as a conductive layer) in many cases. In 
order to provide the antistatic function, the volume resis- 
tivity of the material for the conductive layer is preferably 
within a range of from 1x10° to 1x10 s ncm, particularly 
from 1 x10 2 to 1 xio 9 Qcm. In order to make a resin layer io 
to be a conductive layer, it is preferably a resin layer 
containing a conductive additive. In order to bring the 
volume resistivity of the resin containing the conductive 
additive within this range, it is preferred that the conduc- 
tive additive is contained in an amount of from 1 to 30 is 
parts by weight, particularly from 5 to 20 parts by 
weight, per 100 parts by weight of the resin, although it 
may depend upon the conductive additive or the type of 
the resin. 

[0032] The conductive additive may, for example, be a 20 
powder or fibers of a metal or carbon, a powder of a 
conductive compound such as zinc oxide, or a non-con- 
ductive powder having the surface treated for electrical 
conductivity by e.g. metallizing. As the powder or fibers 
of a metal or carbon, a powder of a metal such as cop- 25 
per. nickel or silver, fibers of a metal such as iron or 
stainless steel, carbon black, or carbon fibers, may, for 
example, be mentioned. As the non-conductive powder 
treated for electrical conductivity, a metallized inorganic 
compound powder having the surface of glass beads or 30 
titanium oxide metallized by metal sputtering or electro- 
less plating, may, for example, be mentioned. 
[0033] As mentioned above, the laminate of the 
present invention having a conductive layer is preferably 
such that the surface layer which will be in contact with 35 
a liquid fuel or a layer close thereto, is made of a resin 
such as ETFE and is a conductive layer. Accordingly, in 
the case of a laminate composed of two layers of layers 

(A) /(B). it is preferred that layer (A) is the surface layer 
which will be in contact with a liquid fuel and is a con- 40 
ductive layer. In the case of a laminate wherein layer (C) 

is present on the layer (A) side of layers (A)/(B), and 
layer (C) is a surface layer which will be in contact with 
a liquid fuel, it is preferred that layer (C) is a conductive 
layer. Particularly preferably, layer (C) is made of a f luor- 45 
oresin such as ETFE (A) or ETFE and is a conductive 
layer. Most preferably, layer (C) is made of ETFE and is 
a conductive layer. In these cases, the material for layer 

(B) is preferably a polyamide type thermoplastic resin as 
mentioned above, from the viewpoint of e.g. the so 
required performance of physical strength. 

[0034] Further, by means of ETFE (A) of the present 
invention, a film or the like made of a fluororesin other 
than ETFE (A), may, for example, be bonded to cover 
the surface of a substrate made of an organic material ss 
such as a metal or glass or an organic material such as 
a synthetic resin. 

[0035] The thickness of each layer of the laminate of 
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the present invention is not particularly limited, but is 
preferably within a range of from 0.05 to 2.0 mm. In a 
case wh re layer (C) is present on the layer (A) side of 
layers (A)/(B). particularly in a case where the material 
of layer (C) is ETFE other than ETFE (A), it is preferred 
that the thickness of layer (A) is thicker than the thick- 
ness of layer (C) in order to improve the bond strength 
between layer (A) and layer (C). 
[0036] The shape of the laminate of the present inven- 
tion is not particularly limited, but is preferably a film-like 
laminate or a tubular laminate. In the case of a tubular 
laminate, the thickness of each layer is preferably within 
the above range, and the outer diameter of the tube is 
preferably from 5 to 30 mm, and the inner diameter is 
preferably from 3 to 25 mm. As the method for produc- 
ing the laminate of the present invention, a coextrusion 
molding method is preferred wherein the laminate is 
produced by coextrusion molding. However, the method 
for the production is not limited thereto, and it may be 
produced by various methods such as a heat fusion 
method wherein films, sheets or tubes made of materi- 
als forming the respective layers are laminated and 
pressed for heat fusion. 
[0037] In the accompanying drawings: 

Figure 1 shows the infrared absorption spectrum of 
the resin of pellets 2 obtained in Preparation Exam- 
ple 2. 

Figure 2 shows the infrared absorption spectrum of 
the resin of pellets 3 obtained in Preparation Exam- 
pie 3. 

Figure 3 is the infrared absorption spectrum of the 
resin of pellets 4 obtained in Preparation Example 
4. 

[0038] Now, the present invention will be described in 
further detail with reference to Examples. However, it 
should be understood that the present invention is by no 
means restricted to such specific Examples. In the 
Examples, "parts" means "parts by weight". Further, the 
infrared absorption characteristics of the resins in Prep- 
aration Examples, were measured by means of films 
having a thickness of 1 00 um formed from pellets pro- 
duced in the Preparation Examples. 

PREPARATION EXAMPLE 1 

[0039] Into a 100 t. reactor, a mixed medium compris- 
ing 27 kg of water and 42 kg of perfluorocyclohexane. 
5.5 kg of TFE, 0.2 kg of ethylene. 0.5 kg of (perfluor- 
obuty I) ethylene and 0.5 kg of acetone as a chain trans- 
fer agent, were charged, and the temperature was 
raised to 65°C. Then, 300 ml of a perfluorohexane solu- 
tion containing 10 wt% of t-butyl peroxyisobutyrate as a 
polymerization initiator, was added thereto to initiate 
suspension polymerization. During the polymerization, 
a mixed gas of TFE/ethylene (molar ratio: 60/40) was 
supplied to maintain the pressure constant. When the 
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supplied amount of the mixed gas reached 8 kg, the 
polymerization was terminated. 
[0040] The slurry was subjected to filtration and drying 
to obtain polymer A having a molar ratio of polymer 
units derived from ethylene/polymer units derived from 5 
i» TFE/polymer units derived from (perfluorobutyl)ethyl- 
ene = 58/39/3. Then, polymer A was pelletized by 
means of a single screw extruder at a temperature of 
270°C for a retention time of 3 minutes to obtain pellets 

1. MFR of the resin of pellets 1 was 72. Further, no 10 
absorption peak was observed at a wavenumber of from 
1.720 to 1,800 cm 1 

PREPARATION EXAMPLE 2 

75 

[0041] Polymer B was prepared in the same manner 
as in Preparation Example 1 except that the amount of 
acetone as the chain transfer agent was changed to 0.2 
kg. Polymer B had a molar ratio of pdymer units derived 
from ethylene/polymer units derived from TFE/polymer 20 
units derived from (perf I uorobutyl) ethylene = 
58.5/39.0/2.5. Then, polymer B was pelletized by 
means of a single screw extruder at a temperature of 
265°C for a retention time of 2 minutes to obtain pellets 

2. MFR of the resin of pellets 2 was 26 Further, no 25 
absorption peak was observed at a wavenumber of from 

1 .720 to 1 .800 cm' 1 . Figure 1 shows infrared absorption 
spectrum of the resin. 

PREPARATION EXAMPLE 3 30 

[0042] 100 Parts of pellets 2 were subjected to heat 
treatment in an oven of 350°C for 60 minutes. Then, the 
heat treated product was pelletized by means of a single 
screw extruder at a temperature of 270°C for a retention 35 
time of 3 minutes to obtain pellets 3. MFR of the resin of 
pellets 3 was 83. Further, absorbance of 0.058 was 
observed at a wavenumber of 1 ,759 cm" 1 , and absorb- 
ance of 0.008 was observed at 1.788 cm* 1 . Figure 2 
shows the infrared absorption spectrum of the resin. 40 

PREPARATION EXAMPLE 4 

[0043] A mixture comprising 1 00 parts of pellets 2 and 
0.2 part of t-butyl hydroperoxide, was pelletized by melt 45 
kneading by means of a twin screw extruder at a tem- 
perature of 310°C for a retention time of 5 minutes to 
obtain pellets 4. MFR of the resin of pellets 4 was 64, 
and absorbance of 0.040 was observed at 1,759 cm' 1 , 
and absorbance of 0.016 was observed at 1,788 cm" 1 . 50 
Figure 3 shows the infrared absorption spectrum of the 
resin. 

PREPARATION EXAMPLE 5 

55 

[0044] 100 Parts of pellets 2 and 20 parts of carbon 
black as a conductive additive (Denka Black, manufac- 
tured by Denki Kagaku Kogyo K.K.) were preliminarily 



mixed and pelletized by melt-kneading by means of a 
twin screw extruder at a temperature of 270°C for a 
retention time of 3 minutes to obtain pellets 5. The vol- 
ume resistivity of the resin of pellets 5 was 2.1 xio 3 
Qcm. Further, MFR of the resin obtained by melt-knead- 
ing pellets 2 under the above conditions without mixing 
carbon black, was 26. and no absorption peak was 
observed at a wavenumber of from 1 ,720 to 1 ,800 cm" 1 . 

PREPARATION EXAMPLE 6 

[0045] A granulated powder (average particle size: 1 
to 2 mm) of polymer B was subjected to corona dis- 
charge treatment in air with an output of 1.2 kW and 
then pelletized by means of a single screw extruder at a 
temperature of 260°C for a retention time of 2 minutes 
to obtain pellets 6. MFR of the resin of pellets 6 was 24, 
and absorbance of 0.035 was observed at 1,759 cm' 1 , 
and absorbance of 0.004 was observed at 1 ,788 cm" 1 . 

PREPARATION EXAMPLE 7 

[0046] 100 Parts of pellets 1 and 20 parts of carbon 
black as a conductive additive (Denka Black, manufac- 
tured by Denki Kagaku Kogyo K.K.) were preliminarily 
mixed and pelletized by melt-kneading by means of a 
twin screw extruder at a temperature of 350°C for a 
retention time of 3 minutes to obtain pellets 7. The vol- 
ume resistivity of the resin of pellets 7 was 1. 6x10 s 
Qcm. Further, MFR of the resin obtained by melt-knead- 
ing pellets 1 under the above conditions without mixing 
carbon black, was 52, and absorbance of 0.039 was 
observed at 1,759 cm* 1 , and absorbance of 0.005 was 
observed at 1 ,788 cm* 1 . 

EXAMPLE 1 

[0047] A laminated tube having a three layer structure 
was produced by means of a coextrusion molding 
machine. Pellets 1 were supplied to a cylinder for form- 
ing an interlayer of the tube and transported to a trans- 
port zone of the cylinder after a retention time of 3 
minutes in a melting zone of the cylinder at a tempera- 
ture of 270°C. Pellets of polyamide 12 (L-2121, manu- 
factured by Daicel Huls K.K.) (hereinafter referred to as 
pellets 8) were supplied to a cylinder for forming an 
outer layer of the tube. Further, pellets 5 were supplied 
to a cylinder for forming an inner layer. By setting the 
temperatures of the transport zones of the cylinders for 
pellets 8 and pellets 5 to be 240°C and 270°C, respec- 
tively, the retention times to be 2 minutes and 3 minutes, 
respectively, and the temperatures of coextrusion die to 
be 260°C. a laminated tube of a three layer structure 
comprising an outer layer made of the material of pellets 
8. an interlayer made of the material of pellets 1 and an 
inner layer made of the material of pellets 5. was 
molded. 

[0048] The outer diameter of the laminated tube was 
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8 mm, the inner diameter was 6 mm, and the thick- 
nesses of the outer layer, the interiayer and the inner 
layer were 0.75 mm, 0.15 mm and 0.10 mm, respec- 
tively. Further, the peel strength between the outer layer 
and the interiayer was 7.2 kg/on, and the volume resis- s 
tivtty of the conductive layer of the inner layer was 
3.2xi o 2 £2cm. Further, the obtained tube was immersed 
in a fuel oil (fuel oil C in accordance with JIS K6301 (iso- 
octane/toluene = 50/50 (volume ratio)), the same 
applies hereinafter) at 60°C for 240 hours, and thereat- w 
ter, the peel strength between the outer layer and the 
interiayer was measured and found to be 5.8 kg/cm, and 
no peeling was possible at the interface between the 
inner layer and the interiayer. Thus, this laminated tube 
had properties suitable particularly as a laminated tube is 
for transporting a liquid fuel. 

EXAMPLE 2 

[0049] A laminated film having a double layer structure 20 
was produced by means of a coextrusion molding 
machine in the same manner as in Example 1 . Pellets 3 
were supplied to a cylinder for forming a first layer of the 
film, and pellets of polyamide 1 1 (RILSAN AESN 20 TL, 
manufactured by Toray Corporation) (hereinafter 25 
referred to as pellets 9) were supplied to a cylinder for 
forming the other layer. The temperatures at the trans- 
port zones of the cylinders for pellets 3 and pellets 9 
were 265°C and 240°C, respectively, the retention times 
were 2 minutes and 3 minutes, respectively, and the 30 
temperature of the coextrusion die was 255°C. By this 
molding, a laminated film comprising a layer made of 
the material of pellets 9 and a layer made of the material 
of pellets 3, was obtained. The thickness of the layer 
made of the material of pellets 9 was 0.60 mm and the 35 
thickness of the layer made of the material of pellets 3 
was 0.10 mm. The interlaminar peel strength was 6.1 
kg/cm. 

EXAMPLE 3 40 

[0050] A laminated tube of a three layer structure was 
produced by means of a coextrusion molding machine 
in the same manner as in Example 1 . Pellets 4 were 
supplied to a cylinder for forming an interiayer of the 45 
tube and transported to a transport zone of the cylinder 
after a retention time of 3 minutes in a melting zone of 
the cylinder at 270°C. Pellets of polyamide 12 (L-2140, 
manufactured by Daicel Huls K.K.) (hereinafter referred 
to as pellets 10) were supplied to a cylinder for forming so 
an outer layer of the tube. Further, pellets 5 were sup- 
plied to a cylinder for forming an inner layer. By setting 
the temperatures at the transport zones of the cylinders 
for pellets 10 and pellets 5 to b" 240°C and 270°C. 
respectively, the r tention times to be 2 minutes and 3 55 
minutes, respectively, and the temperature of coextru- 
sion die to be 260°C. a laminated tube of a three layer 
structure was molded. This tube comprised an outer 
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layer made of the material of pellets 10, an interiayer 
made of the material of pellets 4, and an inner layer 
made of the material of pellets 5. 
[0051 ] The outer diameter of the laminated tube was 
8 mm, the inner diameter was 6 mm, and the thick- 
nesses of the outer layer, the interiayer and the inner 
layer were 0.75 mm, 0.15 mm and 0.10 mm, respec- 
tively. The peel strength between the outer layer and the 
interiayer was 72 kg/cm, and the volume resistivity of 
the conductive layer of the inner layer was 3.2x1 0 2 
Qcm. Further, the obtained laminated tube was 
immersed in a fuel oil at 60°C for 240 hours, and there- 
after, the peel strength between the outer layer and the 
interiayer was measured and found to be 5.8 kg/cm, and 
no peeling was possible at the interface between the 
inner layer and the interiayer. Thus, this laminated tube 
had properties suitable particularly as a laminated tube 
for transporting a liquid fuel. 

EXAMPLE 4 

[0052] A laminated film of a double layer structure was 
produced by means of a coextrusion molding machine 
in the same manner as in Example 2. Pellets 6 were 
supplied to a cylinder for forming a first layer of the film, 
and pellets of polyamide 6 (BM1042. manufactured by 
Toray Corporation) (hereinafter referred to as pellets 1 1 ) 
were supplied to a cylinder for forming the other layer. 
By setting the temperatures at the transport zones of 
the cylinders for pellets 6 and pellets 11 to be 265°C 
and 260°C. respectively, the retention times to be 2.5 
minutes and 3 minutes, respectively, and the coextru- 
sion die temperature to be 260°C, a laminated film com- 
prising a layer made of the material of pellets 1 1 and a 
layer made of the material of pellets 6, was molded. The 
thickness of the layer made of the material of pellets 1 1 
was 0.80 mm, and the thickness of the layer made of the 
material of pellets 6 was 0.20 mm, and the interlaminar 
peel strength was 2.9 kg/cm. 

EXAMPLE 5 

[0053] A laminated tube of a double layer structure 
was produced by means of a coextrusion molding 
machine in the same manner as in Example 1 . Pellets 7 
were supplied to a cylinder for forming an inner layer of 
the tube, and pellets 8 were supplied to a cylinder for 
forming an outer layer. By setting the temperatures at 
the transport zones of the cylinders for pellets 7 and pel- 
lets 8 to be 280°C and 240°C, respectively, the retention 
times to be 3 minutes and 2 minutes, respectively, and 
the temperature of the coextrusion die to be 260°C, a 
laminated tube of a double layer structure comprising 
an inner layer made of the material of pellets 7 and an 
outer layer made of the material of pellets 8. was 
molded. 

[0054] The outer diameter of the laminated tube was 
8 mm, the inner diameter was 6 mm, and the thick- 
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nesses of the outer layer and the inner layer were 0.80 
mm and 0.20 mm, respectively. The peel strength 
between the outer layer and the inner layer was 4.8 
kg/cm t and the volume resistivity of the conductive layer 
of the inner layer was 8.5x1 o 3 ftcm. Further, the 5 

^ obtained tube was immersed in a fuel oil at 60°C for 720 
hours, and thereafter, the peel strength between the 

r outer layer and the inner layer was measured and found 
to be 4.6 kg/cm. Thus, this laminated tube had proper- 
ties particularly suitable as a laminated tube for trans- w 
porting a liquid fuel. 

EXAMPLE 6 (COMPARATIVE EXAMPLE) 

[0055] A laminated tube of a three layer structure was 15 
produced by means of a coextrusion molding machine 
in the same manner as in Example 1. Pellets 2 were 
supplied to a cylinder for forming an interlayer of the 
tube and transported to the transport zone of the cylin- 
der after a retention time of 3 minutes at the melt zone 20 
temperature of the cylinder being 270°C. Pellets 8 were 
supplied to a cylinder for forming an outer layer of the 
tube. Further, pellets 5 were supplied to a cylinder for 
forming an inner layer. By setting the temperatures at 
the transport zones of the cylinders for pellets 8 and pel- 25 
lets 5 to be 240°C and 270°C. respectively, the retention 
times to be 2 minutes and 3 minutes, respectively, and 
the temperature of the coextrusion die to be 260°C. a 
laminated tube of a three layer structure, was molded. 
This tube comprised an outer layer made of the material 30 
of pellets 8, an interlayer made of the material of pellets 
2, and an inner layer made of the material of pellets 5. 
[0056] The outer diameter of this laminated tube was 
8 mm, the inner diameter was 6 mm, and the thick- 
nesses of the outer layer, the interlayer and the inner 35 
layer were 0.75 mm, 0.15 mm and 0.10 mm, respec- 
tively. Further, the peel strength between the outer layer 
and the interlayer was not higher than 0.1 kg/cm 2 , and 
the volume resistivity of the conductive layer of the inner 
layer was 3.4xio 2 Ucm. Further, this laminated tube 40 
was immersed in a fuel oil at 60°C for 240 hours, and 
thereafter, the peel strength between the outer layer and 
the interlayer was measured and found to be not higher 
than 0. 1 kg/cm. 

45 

EXAMPLE 7 (COMPARATIVE EXAMPLE) 

[0057] A laminated film of a double layer structure was 
produced by means of a coextrusion molding machine 
in the same manner as in Example 1 . Pellets 2 were so 
supplied to a cylinder for forming a first layer of the film, 
and pellets 10 were supplied to a cylinder for forming 
the other layer. By setting the temperatures at the trans- 
port zones of the cylinders for pellets 2 and pellets 1 0 to 
be 265°C and 260°C, respectively, the retention times to 55 
be 2.5 minutes and 3 minutes, respectively, and the 
temperature of the coextrusion die to be 260°C. a lami- 
nated film comprising a layer made of the material of 



pellets 2 and a layer made of the material of pellets 10, 
was prepared. The thickness of the layer made of the 
material of pellets 1 0 was 0.75 mm, and the thickness of 
the layer made of the material of pellets 2 was 0.25 mm. 
The intertaminar peel strength was not higher than 0.1 
kg/cm. 

[0058] As described in the foregoing, a layer of a f iuor- 
oresin (A) comprising ETFE having a melt flow charac- 
teristic of MFR being at least 40 and/or the infrared 
absorption characteristic, is capable of firmly bonding to 
a layer of a thermoplastic resin (B) such as a poiyamide 
resin and capable of maintaining its high bond strength 
even when contacted with a liquid fuel. A laminate hav- 
ing a layer of such fluororesin (A) and a layer of a ther- 
moplastic resin (B), or a laminate having at least three 
layer structure having an ETFE layer further formed on 
the fluororesin (A) layer side, has properties suitable as 
a tube for transporting a liquid fuel such as gasoline, by 
virtue of the high interlaminar bond strength and the 
property not to permit penetration of a liquid fuel which 
is specific to ETFE. Further, in such use, the surface 
layer which is in contact with a liquid fuel may be made 
to be a conductive layer to present an antistatic prop- 
erty. 

Claims 

1 . An adhesive fluororesin (A) comprising an ethyl- 
ene-tetrafluoroethylene copolymer having at least 
one characteristic among a melt flow characteristic 
that its melt flow rate is at least 40 and an infrared 
absorption characteristic that it has a distinct 
absorption peak within a wavenumber range of 
from 1,720 to 1.800 cm" 1 in its infrared absorption 
spectrum. 

2. The adhesive fluororesin (A) according to Claim 1 , 
which comprises an ethylene-tetrafluoroethylene 
copolymer having a melt flow characteristic that its 
melt flow rate is at least 40 and an infrared absorp- 
tion characteristic that it has a distinct absorption 
peak within a wavenumber range of from 1,720 to 
1,800 cm* 1 in its infrared absorption spectrum. 

3. A laminate comprising a layer of the fluororesin (A) 
as defined in Claim 1 or 2 and a layer of a thermo- 
plastic resin (B) other than the fluororesin (A), said 
layers being in contact directly with each other. 

4. The laminate according to Claim 3. wherein the 
thermoplastic resin (B) is a poiyamide resin 

5. The laminate according to Claim 3. wherein on at 
least one of the fluororesin (A) layer side and the 
thermoplastic resin (B) layer side, a layer of a ther- 
moplastic resin which is the same as or different 
from such resins, is present. 
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6. The laminate according to Claim 5, wherein the 
layer of a thermoplastic resin present on the f luor- 
oresin (A) layer side is a layer of a fluororesin com- 
prising an ethylene-tetrafluoroethylene copolymer 
which is the same as or different from the fiuor- 5 
oresin (A). 

7. The laminate according to Claim 3, 4, 5 or 6, 
wherein the layer of the fluororesin (A) is a layer 
having electrical conductivity. 10 

8. The laminate according to Claim 5. 6 or 7, wherein 
the layer of a thermoplastic resin present on the 
fluororesin (A) layer side is a layer having electrical 
conductivity. 75 

9. The laminate according to any one of Claims 3 to 8, 
wherein the laminate is a tubular laminate. 

10. The laminate according to Claim 9, wherein the 20 
tubular laminate is a tube for transporting a liquid 
fuel. 
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FIG. 2 
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